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ABSTRACT 
The microbiological factors are an important aspect for the geothermal power plant. It was reported 
in 2005 that microbiological aspects could cause losses of $ 500,000 annually because microbial 
had the ability to form biofilms attached to the critical components in geothermal, especially pipes 
and cooling tower so give impacts to bio-corrosion, reducing energy efficiency by clogging 
hydraulic system, and inhibit heat transfer, hence to decrease the microbiological impacts required a 
study to test the potential of biofilm formation on cooling tower at Geothermal Power Plant (PT 
Indonesia Power UPJP Kamojang, Indonesia). The methodology in this research was approached by 
Total Plate Count (TPC) analysis, biofilm formation analysis, microbial diversity analysis using 
Shannon Index and morphological analysis using Image-J, Biofilm Coverage Rates (BCR) analysis 
and statistic test analysis using tukey method. Based on the results of the study showed the value of 
total bacteria in cold basin in cooling towers one to three (cfu / ml) 5.85 x 102, 3.1 x 102 and 14.9 x 
102 with diversity index 2.8355a, 3.7414a and 2.2895a, BCR (%) 49.63a, 30.21ab, 25.59ab and control 
13.82b The results obtained required the maintenance process of cooling tower from 
microbiological aspects to avoid the potential of biofilm formation which resulted in the loss for the 
company. 
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1. INTRODUCTION 
The microbiology has importance in all aspects of life such as playing a role in agriculture, health, 
biotechnology, environmental and even the energy industry (Maloy and Schaechter 2006). The 
microbiological factors are often ruled out from geothermal power plants even though based on 
research from Pryfogle (2005) states that the losses suffered by geothermal power plants caused by 
microbiological factors reach $ 500,000 per year. 
This happens because microbes can become obstacles during the production process including the 
emergence of several bacterial communities that form sheets called biofilms, the biofilm can cause 
serious problems by causing damage to equipment through bio-corrosion (Richardson et al. 2014). 
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The effect is to reduce energy efficiency by clogging hydraulic systems, inhibits heat transfer 
(Gaylarde and Morton 1999; Meesters et al. 2003) and causes damage to geothermal gas 
distribution pipes (Kaksonen et al. 2006). In addition, microbiology in the cold basin from cooling 
towers can be a source of disease for humans that is spread through the aerosol (Nhu Nguyen et al. 
2006). 
Cooling tower is a component that is most contaminated by biofilm formation because it has a 
system of transferring water heat into atmospheric air circulation so as to maintain a water 
temperature of around 25-35 oC, which is the optimum condition of microbes to grow well (Pagnier 
et al. 2009; Liu et al. 2011). Generally Geothermal power plant handle biofilms by using biocide 
and free-chlorine chemicals because they are most popular used in the world (Duda et al. 2011). 
However, based on research from Flux et al. (2005) the use of biocides just kill planktonic 
microorganism that is not effective in handling biofilms. The right handling to deal with biofilm 
problems is understanding and knowing the microbial community formed in biofilms so as to 
facilitate the selection of handling and controlling growth (Wang et al. 2013). 
This study tried to analyze biofilm formation at geothermal power plant in Kamojang, Indonesia. 
Kamojang was chosen because it is the oldest geothermal power plant in Indonesia and has been 
explored since 1926 (Pambudi 2018). Hopefully this research will spearhead research on the 
maintenance of microbiological factors at the geothermal power plant in Indonesia. 
2. MATERIAL AND METHOD  
a. Medium preparation 
Initially, the preparation consisted of making medium Nutrient Agar (NA) consisting of (g / L) beef 
extract 3, pepton 5, NaCl 5, agar 15, aquadest 1000 mL medium used for testing total plate count 
(TPC) analysis and formation analysis biofilm. then for microbial diversity testing using Tripton 
Soy Agar (TSA) medium consisting of (g / L) pancreatic digest of casein 15, enzymatic digestion of 
soybean 5, NaCl 5, agar 15, aquadest 1000 mL. Each medium is sterilized using autoclave with a 
temperature of 121 oC pressure of 1 atm for 15 minutes. 
b. Total Plate Count (TPC) analysis 
The TPC analysis uses a cold basin from the cooling tower, the sample is first diluted using 0.85% 
physiological salt solution from 10-1 - 10-3 
by pour plate to solid NA medium then cultivated for 48 hours at 37 oC.  
c. Biofilm formation analysis 
The analysis of biofilm formation using cold basin of cooling tower and solid NA medium on 
petridish mounted 6 coverglass per petridish then poured water cold basin up to 3/4 coverglass 
height then incubated for 3 weeks and observed using a microscope and visualized using software 
Image-J 
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d. Microbial diversity analysis  
    ∑       
 
   
 
Initially, the water cold basin and biofilm of cooling tower samples were diluted using 0.85% 
physiological salt solution from 10-1 - 10-3 
were grown in pour plate to TSA medium incubated for 48 hours at 37 oC according to diversity 
microbes use the Shannon calculation index (1) were H' : shannon diversity index, pi : comparison 
of the number of individuals one type with the total number  
3. RESULTS AND DISCUSSION 
a. Contaminant bacteria in cold basin cooling tower  
The presence of bacteria in the cooling tower will affect the decrease in water quality of the cooling 
tower due to temperature, pH and nutrients in the cooling tower is very suitable for bacterial growth 
for fouling and biofilm formation (Richardson et al. 2014). Based on the results obtained 
Table 3: A result of analysis Total Plate Count (TPC) cooling tower 
Cooling tower Results (cfu/mL)  Explanation 
I 5.85 x 102 Secure 
II 3.1 x 102 Secure 
III 14.9 x 102 Secure  
that the standard value of bacterial content in the cold basin of cooling tower is lower than 5000 cfu 
/ mL, this shows that the water quality of the observed cold basin is still relatively secure because 
the pH control carried out by geothermal power plant can effectively suppress the bacterial 
population but does not affect the ability of bacteria to form biofilms. 
The water basin of the cooling tower contains a lot of carbon sources, especially CO32- and HCO3- 
so it is easily overgrown by phototropism (Ceyhan and Ozdemir, 2008). This is evidenced by the 
emergence of microalgae which attach to the biofilm and become bio-fouling in cooling tower 
(Fig.1)  
 
 
 
                  a    b     c 
 
 
Figure 2: Algae morphology from sample cooling tower with microscope 40 x 10 scale in (a) 
Cooling tower 1 Spirogyra sp. (b) Cooling tower II Tribonema sp. (c) Cooling tower III 
Tribonema sp. 
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b. Biofilm formulation 
Biofilm is a natural process of bacteria in response to the surrounding environment. It has a 
negative impact that is able to degradation wood in cooling towers, inhibit heat power, consequently 
the formation of this biofilm can increase the concentration of disinfectant usage which results in 
the emergence of residues thereby increasing operating costs due to increased disinfectant 
requirements (Prihanto, 2011). 
Table 2: A result of Biofilm Coverage Rates (BCR) 
Sample 2) BCR (%) 
Control (Aquadest) 66.229 13.82b 
Cooling tower I 334.070 49.63a  
Cooling tower II 191.168 30.21ab  
Cooling tower III 140.187 25.59ab  
Each cooling tower shows different results, this is because based on research from Liu et al. (2011), 
the shape and location of the cooling tower can affect the bacterial growth process and the speed of 
biofilm formation because it affects the lighting process of sunlight, aeration systems and 
circulation, and bacterial contamination from outside the system. This statement is proven because 
the shape of cooling towers II and III have the same shape and the results of biofilm formation after  
further testing have the same value (Table 2).  
 
. 
     a    a 
 
 
 
  b   b 
 
 
 
 
  c  c 
 
 
  
  d   d 
 
Figure 2: Visualization of biofilm maturation phase with microscope (right) 40 x 10 Z scale 0.3 and 
image-J surface plot (left) (a) control (b) cooling tower I (c) cooling tower II (d) cooling tower III. 
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In (Figure 2) the biofilm in the second maturation phase where the biofilm maturation process is in 
its final stages, the microbes are ready to spread and form a new colony to expand area of biofilm. 
b. Microbial diversity in biofilm  
The diversity index of each cooling tower shows that the bacteria in the water basin have relatively 
the same diversity (Table 3). 
Table 3: A result of microbial diversity in cooling tower 
Cooling tower Results (cfu/mL)  Index of variation 
I 2.8355a Moderate 
II 3.7414a Moderate-high  
III 2.2895a Moderate 
Bacterial diversity occurs due to the basin water of cooling tower source, generally bacteria derived 
from condensate water have more resistant properties because the geothermal power plant has an 
open-loop system so the type of condensate water is high for bacterial diversity due to the mixing of 
microbes from the inside and the surface of the earth (Lerm et al. 2011). The characteristics of 
bacteria in condensate water have resistance to high temperatures, pressure and salinity. Bacteria 
usually in the geothermal power plant are dominated by thermo-tolerant, thermophile and anaerobic 
archaea (eg, fermentation, methanogen, sulfate reducing bacteria) (Alawi et al. 2013). 
 
Figure 2: Microbial diversity biofilm in cooling tower with Shannon index 
The properties of bacteria found in geothermal power plant that can form spores, are able to survive 
in adverse conditions (eg. heat, drought, limited substrate). Metabolically, spores are mostly 
inactive, but can sporulation when optimal temperature and nutrient conditions are available. This 
has resulted in various types of cooling tower bacteria in the water basin, resistant to stress 
conditions and facilitates fouling and biofilm formation. 
4. CONCLUSIONS 
Cooling towers in geothermal power plant have potential in forming biofilms. This research can be 
used as a new method in visualizing biofilm formation on cooling towers and can be used as a 
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reference for maintenance of microbiological factors on geothermal power plant. The 
recommendations for subsequent research require further analysis such as testing the analysis of 
Sulfate Reducing Bacteria (SRB) causing reduction of sulfate corrosion, molecular analysis of 
bacterial identification, determining the carbon sources contained to determine bacterial growth and 
activity, adenosine triphosphate (ATP), phospholipid fatty acids (PLFA), and denaturing gradient 
gel electrophoresis (DGGE) this is done because it can determine the right handling in dealing with 
biofilm problems in the cooling tower. 
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